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Theta Modeling Technology with Mathematical Functions and Numerical Techniques 
respective an Underlying State Variable, Theta, wherein, an investment o r derivative security 
is modeled bv using a single underlying state variable, such a theta variable, insured deposits 
closed. These have a positive nominal value, an actual amount of cash value. This underlying 
state variable, theta. 8. is held to follow an independent Markov process: d6/8 = m dt + $cLl 

This asserts that the future value of 9 depends on the: known present values under a 
continuous pricing constraint. As Wiener process, dz is related to dt: Az = eVAt 

Such theta variable depends solely on itself and time to define its expected drift and 
volatility, which it redefines through the course of its life. Thus. d8/8 *= m ffl.ft dt + s (Bf) dz. 

For methods drawing from sta ndard nor mal distribution- the log of the <%»ifle of theta 
over time and/or the log of theta at exercise shou ld have this distribution. The theta approach 
is useful where a target variable is not the price of a traded security, b ut it is useful there, too. 

To creating a tradable instrument for a theta variable, assig ning the function, t as the 
price of a security dependent on 6 and time. For instance, for the insured banking^ variable, 
the "deposits closed* and "deposit loss" are candidates for industry's theta. For the insured 
catastrophe dollar risk, thev are the "catastrophe loss" and <h riet statutory underwriting loss" 
Variables are created from divers theta. such 9te.fi. Qb and 8a correlating r espective losses. 

For instance, for Ofbanking: of insured deposits closed or net deposit losses') and 8 
feat: of insured catastrophe or net statutory underwriting losses!, let flfb^ and ffc) be the 
respective price of a derivative security with payoff equal to a functional mapping of 9b and 
8c Into the future. Let the processes of fib) and fTc) be defined via Ito's le n^m^ where 
df7f ~ pi dt + a dz. This stands for any ffthetaV 
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On fl continuous time nasis. the chan g e in the price of security (f) dependent on the 
Ksnlrina Insses is d^ ) = fh dt + rrh fh dz; (and for 9c- drfc) =uc fc dt + «c dz). M 
instantaneously rimless portfolio c ™ ^ created from a combination of related flhi), such, that 
f ..I - rVol = f t i2 - rVa2 = X. where r = the pr e sent snot risk-free interest rate at timel and .2, 
Ttfiw, for anv f. being th* price of a s e curity dependent on only 9 and time, with . 
Af= M f dt + a f dz. t here jsthe parameter lambda - fu-rVo\ which is dependent or 
f ) and time, but r,nt on the security f. estimatin g the market pricing of risk pf 9 by stochastics. 

Th* theta variable's p is the expecte d return from f. The expected drift, mu, equals ufc 
Si ^ma. <rf. is the volatility of fW ™A either positively (df/d9X» or natively correlates 9, 
if n atively corded, volatility = ™H df = mu dt + (-a*) f f-dz>. Variance is \(a^2)(^2)] 
and dz is over an independent interval, d t - (T-t\ Usmr Ttp's lemma, the parameter, mu, 
relating u and th* pricing function. «« as f =■ dffdt + m ft dffdO + V, s A 2 9*2 M 
Th« parameter Sigma is set, rr * f ~ s9df/d9. This results in a differential stwcture 
rtf/dt + fldf/dOYm-Xfft + '/*s*29 A 2 d^dft 2 = r» f . 

This equation can he solved bv setting the drift of 9 equal to (m ■ "K s\ and 
discounting e x pected navoffa at r. the pres ent snot risk-free (usu. U.S. Treasury) interest rate. 

Thus, under risk-neutral valuation, the dri ft of 9 is reduced from m. to (m - X s), 

Ta ^mtniqrin p , a valuation lattic e, such in dis crete time: introducing the notions pf 
delta. 8 - e*fg*sqrtf AtV>. and of m « f2»e A fr* AtWf 8 + 5M1 

Hence, a = lnrS)/(sgrt AO. N **t, setting v a lues for At Binna. r(f) and Q (where, 9 = S, 
if modeling an amiitv securitv\ c^ latin ? nodes of 9 at 9(u0 = rmu*k1'f o^wOcfwttH 9ol 
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Substituting theta f fl ) for a security (S). S isomorphic to ft. affording an underlying 
random walk of wHcfwtt. sucb that if w=M.-l.l ..X 8ft(3» ~ rmu^)»f W-DW 8o1. 

In lognormal world, this relates: h 9 (tn\ ^ fa * In mul + rwfnfwV) » In SI + f m ftpl 
This results in the equalities: In 5 = o*fsnrt Att and d t = T/n. Substituting and letting k = n, 
such that tn = T. forms: ln8rtkt=- fa * In mul + Twfafwtt » fg*sqrt AtMsqrtnl + rln So]. 

More simply, the expected value of 9, Efln 8) = In mu + ln 8o. 

The variance of 6. Varfln B^On 8^2. 

The volatility of 9. Volfh^ =* (In oVsart At 

Fo y a pathing tree, the node value mechanic. Q(tx ^ = rmu*n1*r fr^nfwTfrW 8oL using 
lo garithmic transform. nod « w^hanir I n effari = fa * In mul + IwfafwY) * On 5)T + fin 8ol, 

Bv the Central Limit Theorem, the te rm. wfnfwWfsart Ct"> exhibits strong convergence 
to the standard normal distribution. NfO.l Y The term fa* In mul sho ws weak convergence to 
ffr - y g q*flV"rj. hence its robust implementation j .« limited to the rigors of discrete methods. 

The term Tin efTYl is distributed as \(t - '/* a*2)*T} + T N»a»fsQrt dfll + fin 8q1, 

Non-log, ferni is distributed as: TSo * e* «r- 14 »q*2)*'n + (N»a*fsqrt At)l. 

Valuation of a derivative security (S) based uoon the ?fote variable theta. example, the 
European call ontion. with realizable cashflow only at T. value today of P. with the functional 
mapping. ff8o) = max f8m - K. 01. where K is strike price and 8 is held substitutable by S, 
Bv weak convergence, today's value. Pf9\ based on 8 at T. deriv ed over normal distribution: 

Pfflt = r8o * Nf frT+lnfeo/KWfo'fstirt dt)) + f 1 17- rr*fsqrt dtYm - 

fKe'Y-fn * NlfrT+ln(8cVKW<'q*(sQrt dt» - H/2 <r*(sQrt dtWI. 
P = e'Y-rT) » Efrn¥ Q(T) - K"|. where Efart - expected value un der risk-neutral conditions. 
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For any function, f. valuing a derivative security based on theta that pavs off AT) at 
time T. the expected risk-neutral value is f = e A f-rT) * Efmlffrm This requires setting the 
growth rate of the underlying theta variable in relation to [m * A*crh_ralher than as m alone. 

Thus, risk-neutral valuation for today's value. P(Q\ P(eV=fr9^ of a derivative security 
paying off &T) at time T. is equivalent to the risk-free discount over period (UT) of its 
expected risk-neutral future pay-out. This narrow evaluation is valid for f only over the 
continuous segment (0/D, with determinable values of FfO) and Fffl. Lattices which sub- 
divide this segment are weakened, if their At-parameters. i.e, At= (T-fl with (Kt<T. are 
modeled using analytic values from (OT) data sets. Any methodol ogy which relies on 
convergence to a normal distribution fbr its valuation, for instance, or a samplin g therefrom, is 
strictly consistent only for European-style derivatives, that is. having exercise only at T, but 
not continuously throughout the segment f O.T>. Also, it assumes the security c an gain or lose 
value during (0J\ with the value of the security always non-negative. The payoffs of the 6b 
and 8o securities can be Europ e^ tf the se stem fro™ the sin pje terminal condition of theta at 
T: the selected theta variables are annual aggregates, thev begin each year a t 9=0 and end the 
year at T. 8>Q. European (0.T) events. For rigorous risk-neutral valuation, strict conformity 
can only be assigned under a European-style (O.T)segment variable and theta-based security. 
Such a theta can substitute for a continuously traded security after adjusting for the conditions 
that 9 at T ° Ydu each 6i occurring and aggregating discretely over (0T\. For continuous 
trading, frill data along the annual path of such theta over (O.T> are required to be a vailable. 

A valuation function. V. for a security or derivative dependent only on theta and time: 

VftOV=V(t>= Vo* e A f (r- ¥2 q A 2)t + (N*q*(sqrt t)]. where VfO/H is identity of 9f0.T). 
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To constructing a swap. e,p. between the insured deposit losses and catastrophe losses. 
modeled on thetaft>> and thetaM respectively, each having valuation function, ffbl and ffc> 
respectively. The value of the swap to the paver of the deposit losses, &b\ a ssuming the swap 
of all year-end aggregate losses: 

V = e'V-rn » f EfmWc¥T> - fTbVTltt, where Efrn>= risk-neutral Expectation. 

Though a swap is composed of two sides, its valup, V. is a single function. Thus. V is 
a single derivative instrument modeled by the expectation of the two functions, each 
respective of ite_own single theta variable. Consequently, this function. V. models a security 
dependent on unrelated underlying variables, thetafi). Each thetafi) follows a stochastic 
process of form: d8/B 5 =mi*dt + si*dzu with mi and si the expected growth and volatility rates, 
thp Ay\ being Weiner processes, then sub ^^ntitip V for f n the total loss swap. V. has the form: 

dV/V = \x dt + Tfei*^!* with ^i being the expected return of the swap. 
Component risk of the return to the thetafi\ £[si*dzi1 are adjusted if thetaffl are correlated. 

Brownian motion defines the change in the value of a variable as related to the 
variable's initial y^lue and characteristic deviation^ as weU as tq distinct random perturbations 
resonating variance over, independent intervals* It is a discrete process that approaches 
continuous form when the intervals are small and uncorrecte d Pinne d simulation fixes an 
initial and terminal value for the variable, then developing the value path in between. 

An expression of theta with respect to time and to Brownian motion, the life of theta 
over (OTi and projected Brownian motion in simulation, can be related in derivational form: 
Q(tB) = 6o * e A ffr - Y* o*2)t + <y*Bl. 

This above equation, values without preference to risk, plaining risk-neutral results. 

5 *h 1 
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For geometric Brownian motion the theta variable must be logpormal in functionality 
(i.e. its natural log values must show distribution in line with a standard normal population). 
To implementing this when modeling theta of such distribution, as respective of time only: 
Oft) = 9o ' e^r - K a A 2>t + o»soitftn. 
The weak convergence fry ABftV requires only that the natural log of the change in 
theta shows a normalized distribution and characteristic variance (not necessarily o A 2=l \ 

Allowing the notation, 9(tB) = 8o*e A Kr - Vi a*2\+ ct*B]. the change in d9. measured 
at the terminal values (Q.T\ with t=T-0. can be derived as: d9 = BfB^dB + + K 9(BB>ldt: 
its partial derivative input parameters: 
9(B) - d/dB of 9(tJB^ = a*9: 
Q(BB) - o*2 » 9: and 9ftMr - Vi o A 21*9. 
This computes asd9 = <r*9*dB+rfr - Vi (7*219 + (Yx cr^eidt and can be reduced to: 

d9~c*9*dB+r*9*dt 
For normal theta variables, reppectjve only to time and theta: 

9(fl = 9o* e A ffr> Yi o^t + (N»cr*(sQrt ffl: and 
VfO,T> as the identity of 9f9.TV VftO>=V(t>= Vo * e A rfr- to o*Z>t + (N*cr*fsqrt ffl. 
This requires only that the natural log of the change in theta, hence, in V, has a characteristic. 
normal distribution . N represents a sampling off the standard normal distribution, e.g. N=g=6. 

Monte Carlo simulation is a discrete methodology that is based on the Law of Large 
Numbers fe.g. in large numbers of sampling sequences^ The life of th e security is subdivided 
into n intervals, each of length At. Using ^volatility, and ms risk-neutral growth rate, of 9: 
A9 ~ m»9+At + s»9*sfA/At\ where each simulation run has n drawings, one per At . 
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For a multipl state 9: A8i = mi*ei*At + si*8i»si(VAt\ with 6i: (1 < i < u\ If the 0i 
are correlated, implement correlation between the 6L pik. and also between, the si and pik. 

The Figure 91 diagrams the mathematical programming functions for theta variable. 
The Figure 92 diagrams the mathematical programming functions for security based on theta. 

For further embodiment of theta, and as respective reinsurance and actuarial sciences, 
see inventor's published work, "Forecasting Expectations of Insured Depository Default and 
Catastrophic Losses". The publication further elaborates the purposes and mechanics of theta. 

Regarding the use of a put-option model for deposit guarantees, i.e. insurance against 
deposit losses, a deposit insurance guarantee is not isomorphic to an European put option, as 
any recovery of underwritten (collateralizing) assets, occurs later than the deposit loss occurs. 
Asset recovery or loss development does not occur simultaneously to default or catastrophe. 

An OAS/martingale lattice, featuring the development of recovery or loss over time, 
implemented in diagram schematic, Figure 93, an Option Adjusted Spread style lattice. 
Having an initial node, at t = 0, at which node having value at given t, expressed as e(0) = 1. 
From initial node, binary pathing, to the upper node at time t » 1, processing 1 - M(0)h(l), 
wherein M is martingale for the given h, and wherein h is distinct time interval, value at upper 
node of e(l) = 1, a state wherein no default or loss occurs; to the lower node at time t <= 1, 
processing M(0)h(l), value at lower node of e(l) « E(L), a state where default or loss occurs, 
wherein E(L) is the risk-neutral expectation of L after asset recovery or loss development. 

From the upper node at time t «= 1, binary pathing: to an upper node at time t — 2, 
processing 1 - M(l)h(2), value at upper node of e(2) *• 1, wherein no default or loss occurs; to 
a lower node at time t = 2, processing M(l)h(2), value at lower node of e(2) = E(L), a state 
where default or loss occurs. If lower node occurs, follow path relation of lower node at t - 1 . 

7 *A I 
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